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LEnglishlMetric Conversion Factors

Length

Fro Cm m Km in ft s mi nmi

Cm 1 0.01 1x10 "5  0.3937 0.0328 6.21x10 "6 5.39x10 "6

m 100 1 0.001 39.37 3.281 0.0006 0.0005
Km 100.000 1000 1 39370 3281 0.6214 0.5395
in 2.540 0.0254 2.54x10 "5 1 0.0833 1.58x10 "5 1.37x10 "5

ft 30.48 0.3048 3.05x10-4 12 1 1.89x10 4 1.64x10 "  R
S me 160.900 1609 1.609 63360 5280 1 0.8688

rni 185.200 1852 1.852 72930 6076 1.151 1

Area

ro Cm 2  n 2  Km 2  in 2  ft 2  S mi2  nmi 2

Cm 2  1 0.0001 1xlo"10  0.1550 0.0011 3.86x10 "11  5.11x10 "

m2  10,000 1 lx1o 6  1550 10.76 3.86x 10 7  5.1 1xlo 7

Km 2  1xlO10 lx10 6  1 1.55x10 9 1.08x10 7 0.3861 0.2914

in 2  6.452 0.0006 6.45x10 "10 1 0.0069 2.49x10 "10 1.88x10 "1 0

4 ft 2  929.0 0.0929 9.29x108 144 1 3.59x10 8  2.71x10-8

S mj 2 2.59x10'0 2.59x106 2.590 4.01x10 9 2.79x0O7 1 0.7548
nm 2  3.43x1010 3.43x106 3.432 5.31x10 9 3.70x10 7 1.325 1

Volume

r Cm 3  Liter m 3  in 3  ft 3  yd3  fl oz fl Pt fl at gal

Cm 3  1 0.001 lx10 6  0.0610 3.53x10-5 1.31x10 "8 0.0338 0.0021 0.0010 0.0002
liter 1000 1 0.001 61.02 0.0353 0.0013 33.81 2.113 1.057 0.2642
m 2  lx106 1000 1 61.000 35.31 1.308 33.800 2113 1057 264.2
in 3  16.39 0.0163 1.64x10 5  1 0.0006 2.14x10 s 0.5541 0.0346 2113 0.0043
ft 3  28,300 28.32 0.0283 1728 1 0.0370 957.5 59.84 0.0173 7.481

yd3  765,000 764.5 0.7646 46700 27 1 25900 1616 807.9 202.0

fl oz 29.57 0.2957 2.96x10 "5 1.805 0.0010 3.87x10 5  1 0.0625 0.0312 0.0078
* flpt 473.2 0.4732 0.0005 28.88 0.0167 0.0006 16 1 0.5000 0.1250

fl qt 946.3 0.9463 0.0009 57.75 0.0334 0.0012 32 2 1 0.2500
gal 3785 3.785 0.0038 231.0 0.1337 0.0050 128 8 4 1

Mass

NTo
Fro 9 Kg oz Ib ton

g 1 0.001 0.0353 0.0022 1.10x10 6 '

Kg 1000 1 35.27 2.205 0.0011
oz 28.35 0.0283 1 0.0625 3.12x0 5

Ib 453.6 0.4536 16 1 0.0005
t(. 907.000 907.2 32.000 2000 1

Temperature

I - 59 (OF-32

OF"- 9/5 (C) + 3.2

:- ,S
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Figure I Overall dimensions of scattering plates used to simu- 15
late specific aircraft.

Figure 2 Grid locations of scatterer aircraft for which an 16
approach is calculated. The dots are also used to
denote out-of-tolerance conditions on the critical
areas maps.

Figure 3 Effects of digital filter on a typical CDI plot. .17

Figure 4 Typical CDI plot showing Cat III tolerance brackets. 20
Perturbations are caused by a B-747 aircraft.

Orientation is perpendicular to runway centerline,
with tail towards the runway. Location is 2000 feet
in front of localizer and 300 feet from centerline.

Figure 5 Contour map of predicted peak CDI perturbations in ILS 21
Zone 5 for a B-747. B-747 fuselage is perpendicular
to runway centerline with tail towards the runway

8-element single-frequency array, LPD antennas.

Figure 6 CDI plot with CAT III tolerance brackets. 22
Perturbations are caused by only the tail section of a
B-747. Orientation is perpendicular to runway cen-

terline, with tail towards the runway. Location is
2000 feet in front of localizer and 300 feet from cen-
terline.

Figure 7 CDI plot with CAT III tolerance brackets. 23
Perturbations are caused by only the fuselage of a
B-747. Orientation is perpendicular to runway cen-
terline, with tail towards the runway. Location is

2000 feet in front of localizer and 300 feet from cen-
terline.

Figure 8 CDI plot showing Cat III tolerance brackets. 24
Perturbations are caused by a B-747 aircraft.
Orientation is parallel to runway centerline, with

tail towards the array. Location is 5000 feet in
front of localizer and 600 feet from centerline.

Figure 9 CDI plot with CAT III tolerance brackets. 25
Perturbations are caused by only the tail section of a

B-747. Orientation is parallel to runway centerline,
with tail towards the array. Location is 5000 feet in
front of localizer and 600 feet from centerline.
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Figure 10 CDI plot with CAT liI tolerance brackets. 2b

Perturbations are caused by only the fuselage of a

B-747. Orientation is parallel to runway centerline,
with tail towards the array. Location is 5000 feet in
front of localizer and 600 feet from centerline.

Figure 11 Contours of peak CDI values produced in ILS Zone 5 34
for a DC-9. DC-9 fuselage is perpendicular to runway

centerline, with tail towards the runway. 8-elemenc
single-frequency array, LPD antennas.

Figure 12 Critical area map for CAT II tolerances relating to 35
DC-9 aircraft. DC-9 fuselage is perpendicular to run-
way centerline with tail away from runway. 8-element

single-frequency array, LPD antennas.

Figure 13 Critical area map for CAT Ill tolerances relating to 36

DC-9 aircraft. DC-9 fuselage is perpendicular to run-
way centerline with tail away from runway. 8-element

single-frequency array, LPD antennas.

Figure 14 Contours of peak CDI values produced in ILS Zone 3 37

for a DC-9. DC-9 fuselage is perpendicular to runway

centerline, with tail away from the runway. 8-element

single-frequency array, LPD antennas.

Figure 15 Contours of peak CDI values produced in ILS Zone 4 38
for a DC-9. DC-9 fuselage is perpendicular to runway

centerline, with tail away from the runway. 8-element

single-frequency array, LPD antennas.

Figure 16 Contours of peak CDL values produced in ILS Zone 5 39
for a DC-9. DC-9 fuselage is perpendicular to runway

centerline, with tail away from the runway. 8-element

single-frequency array, LPD antennas.

Figure 17 Critical area map for CAT II tolerances relating to 40

B-727 aircraft. B-727 fuselage is perpendicular to
runway centerline with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 18 Critical area map for CAT III tolerances relating to 41

B-727 aircraft. B-727 fuselage is perpendicular to
runway centerline with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 19 Critical area map for CAT III-X tolerances relating to 42

B-727 aircraft. B-727 fuselage is perpendicular to
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runway centerline with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 20 Contours of peak CDI values produced in ILS Zone 1 43
for a B-727. B-727 fuselage is perpendicular to run-

way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 21 Contours of peak CDI values produced in ILS Zone 2 '4
for a B-727. B-727 fuselage is perpendicular to run-

way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 22 Contours of peak CDI values produced in ILS Zone 3 45
to Threshold for a B-727. B-727 fuselage is perpen-
dicular to runway centerline, with tail towards the
runway. 8-element single-frequency array, LPD

antennas.

Figure 23 Contours of peak CDI values produced in ILS Zone 4 46
for a B-727. B-727 fuselage is perpendicular to run-
way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 24 Contours of peak CDI values produced in ILS Zone 5 47
for a B-727. B-727 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 25 Critical area map for CAT II tolerances relating to 48
B-727 aircraft. B-727 fuselage is oriented 60 degrees
to runway centerline with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 26 Critical area map for CAT III tolerances relating to 49
B-727 aircraft. B-727 fuselage is oriented 60 degrees
to runway centerline with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 27 Critical area map for CAT III-X tolerances relating to 50
B-727 aircraft. B-727 fuselage is oriented 60 degrees
to runway centerline with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 28 Contours of peak CDI values produced in ILS Zone 1 51
for a B-727. B-727 fuselage is oriented 60 degrees to
runw.y centerline, with tail towards the array.
8-element single-frequency array, LPD antennas.
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Figure 29 Cont,,ri ot peak DI values produced In [I.S Zone 2 52
for a B-727. B-727 fuselage is oriented 60 degrees to
runway centerline, with tail towards the array.

8-elemeit single-freouency array, LPD antennas.

Figure 30 Contours of peak CDI values produced in ILS Zone 3 53
to Threshold for a B-727. B-727 fuselage is oriented

60 degrces to runway centerline, with tail towards the
array. 8-element single-frequency array, LPD anten-
nas.

Figure 31 Contours of peak CDI values produced in ILS Zone 4 54
for a B-727. B-727 fuselage is oriented 60 degrees to
runway centerline, with tail towards the array.

8-element single-frequcncy array, LPD antennas.

Figure 32 Contours of peak CDI values produced in TLS Zone 5 55
for a B-727. B-727 fuselage is oriented 60 degrees to

runway centerline, with tail towards the array.

8-element single-frequency array, LPD antennas.

Figure 33 Contours of peak CDI values produced in ILS Zone 5 56
for a R 727. B-727 fuselage is parallel to runway

centerline, with tail towards the array. 8-element
single-frequency array, LPD antennas.

Figure 34 Critical area map for CAT I tolerances relating to 57

B-707 aircraft. B-707 fuselage is perpendicular to
runway centerline with tail towards the runway.
8-element single-freqiiency array, LPD antennas.

Figure 35 Critical area map for CA'r I[ tolerances relating to 58

B-707 aircraft. B-707 fuselage is perpendicular to

runway centerline with tail towards the runway.
8-el-ment single-frequenicy array, LPD antennas.

Figure 36 Critical area map for CAT III tolerances relating to 59
B-707 aircraft. B-707 fuselage is perpendicular to
runway centerl'ne with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 37 Critical area map for CAT III--X tolerance. relating to 60

B-707 aircraft. B-70/ fuselage is p:erpendicular to

runway centerlIne with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 38 Contours ,)f peak CI values produced in ILS Zone 1 61

for a B-707. B-707 fuselage is perpendicular to run-
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way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 39 Contours of peak CDI values produced in ILS Zone 2 62
for a B-707. B-707 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 40 Contours of peak CDI values produced in ILS Zone 3 63
to Threshold for a B-707. B-707 fuselage is perpen-
dicular to runway centerline, with tail towards the
runway. 8-element single-frequency array, LPD anten-
nas.

Figure 41 Contours of peak CDI values produced in ILS Zone 4 64
for a B-707. B-707 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 42 Contours of peak CDI values produced in ILS Zone 5 65
for a B-707. B-707 fuselage is perpendicular to run-
way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 43 Critical area for CAT I tolerances relating to 66
B-707 aircraft. B-707 fuselage is oriented 60 degrees
to runway centerline, with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 44 Critical area for CAT II tolerances relating to 67
B-707 aircraft. B-707 fuselage is oriented 60 degrees
to runway centerline, with tail towards the array.

8-element single-frequency array, LPD antennas.

Figure 45 Critical area for CAT III tolerances relating to 68
B-707 aircraft. B-707 fuselage is oriented 60 degrees
to runway centerline, with tail towards the array.

8-elemeat single-frequency array, LPD antennas.

Figure 46 Critical area for CAT III-X tolerances relating to 69
B-707 airc'aft. B-707 fuselage is oriented 60 degrees

* to runway centerline, with tail towards the array.

8-element single-frequency array, LPD antennas.

Figure 47 Contours of peak CDI values produced in ILS Zone 1 70
foi a B-707. B-707 fuselage is oriented 60 degrees to
rui l y centerline, with tail towards the array.

* 8-el. ment 3ingle-frequency array, LPD antennas.
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Figure 48 Con '.urs uf peak CDI vales produced In I LS Zone 2 71
for a B-707. B-707 fuselage is oriented 60 degrees to

runway centerline, with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 49 Contours of peak CDI values produced in ILS Zone 3 72
to Threshold for a B-707. B-707 fuselage is oriented

60 degrees to runway centerline, with tall towards the
array. 8-element single-frequency array, LPD anten-

nas.

* Figure 50 Contours of peak CDI values produced In ILS Zone 4 73
for a B-707. B-707 fuselage is oriented 60 degrees to

runway centerline, with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 51 Contours of peak CD1 values produced in 11S Zone 5 74
for a B-707. B-707 tuselage is oriented 60 -egrees to

runway centerline, with tail towards the array.
8-element single-frequency array, LPD antennas.

Figure 52 Cotomrs of peak CD[ values produced in ILS Zone 5 75
for I B-707. B-707 fuselage is parallel to runway

cncrclre, with tall towards the array. 8-element
single.-irequene: arr;my, LPD antennas.

Figure 53 Cri t i cal Ire I it t r CAT I toleraces relating to 76
L-i0ll ai r ',r t. -l1 fIiselage is perpendicular to
runwayi w!t I , t.il towards the runway.

8-ele~n,, ; l r,.i I , av r ti a y, LI) antennas.

F , ,,irt, 54 Cri it! a i:ii,; f,,r (JAl- ii toilerc ces relating to 77
,- rcraf t. I. -1011 fusolage is perpendicular to

rimwli c,*nt en oe withm tail towards the runway.
I-, .: s i n; i e-Ir,-,lul 'cy array, lPU antennas

I gore ' Cr , It a, rap for CAT IIl tolerance:; relating to 78
,. I 1 :lr rat . L-Oi . fuselage ii perpendicular to

r~le with tail towards the runway.

-, , gl e-frequoncy array, LID antennas.

.ivi r' 56 r 1 iri maw for CAT I 1--X to . rances relating to 79
,:, rI .f - ,0l I fuselage i perpendicular to

1 C , rii, wth tail toward s the runway.
v-., .1. -rgl '-t rC. c,. array, ,;'>, antennas.

Figure C'7 -ca t) i'f .. Di 'va'lkies produ, ed 1- ILS Zone 1 80
ten 1 :.-ir(Il. .-1,lL I fuselage is perpendicular to
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runway centerline, with tall towards the runway.
8-element single-frequency array, LPD antennas.

Figure 58 Contours of peak CDI values produced in ILS Zone 2 81
for a L-1011. L-lOll fuselage is perpendicular to
runway centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 59 Contours of peak CDI values produced in ILS Zone 3 82
to Threshold for a b-lOll. L-1011 fuselage is perpen-
dicular to runway centerline, with tail towards the
runway. 8-element single-frequency array, LPD anten-
nas.

Figure 60 Contours of peak CDI values produced in ILS Zone 4 83
for a L-1011. L-1011 fuselage is perpendicular to
runway centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 61 Contours of peak CDI values produced in ILS Zone 5 84
for a L-1011. b-lOll fuselage is perpendicular to
runway centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 62 Critical area map for CAT I tolerances relating to 85

L-lOll aircraft. L-1011 fuselage is perpendicular
to runway centerline with tail away from runway.

8-element single-frequency array, LPD antennas.

Figure 63 Critical area map for CAT It tolerances relating to 86
L-IOll aircraft. L-101l fuselage is perpendicular
to runway centerline with tail away from runway.

8-element single-frequency array, LPD antennas.

Figure 64 Critical area map for CAT III tolerances relating to 87
L-1011 aircraft. L-1011 fuselage is perpendicular

to runway centerline with tail away from runway.

8-element single-frequency array, LPD antennas.

Figure 65 Critical area map for CAT III-X tolerances relating to 88
L-1Oll aircraft. L-1011 fuselage is perpendicular

to runway centerline with tail away from runway.
8-element single-frequency array, LPD antennas.

Figure 66 Contours of peak CDL values produced in ILS Zone 1 89
for i L-1011. L-lOll fuselage is perpendicular

i way centerline, with tail away from runway.

1(, ient qingle-frequency array, LPD antennas.
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Figure 67 Contours of peak GD[ values produced in ILS Zone 2 90

for a L-l0l1. L-1011 fuselage is perpendicular
to runway centerline, with tail away from runway.
8-element single-frequency array, I.PD antennas.

Figure 68 Contours of peak CDI values produced in ILS Zone 3 91
to Threshold for a L-l0l. L-10ll fuselage is

perpendicular to runway centerline, with tail
away from runway. 8-element single-frequency array,
LPD antennas.

Figure 69 Contours of peak CD1 values produced in ILS Zone 4 S2
for a L-1011. L-lOll fuselage is perpendicular
to runway centerlite, with tall away from runway.
8-element single-frequency array, LPD antennas.

Figure 70 Contours of peak CD[ values produced in ILS Zone 5 93
for a L-lOll. L-1Ol1 fuselage is perpendicular
to runway centerline, with tail away from ruwnay.

8-element single-frequency array, LPD antennas.

Figure 71 Critical area map for CAT iI tolerances relatLng to 94
L-lOll aircraft. L.-lOll fuselage I-; parallel to run-
way centerline with tail towards the array. 8-element

aingle-frequency array * LPD antennas.

Figure 72 Critical area map for ,AVi i-X tolerances relating to 95
L-1Oll ai rcraft. I -Iu 4 ,elag,. is parallel to run-

way centerline wlt t., 11 towards the array. 8-element

single-frequor.'y array, I.YD antennas.

Figure 73 Contours ot peak CA1 .iluc's kruduced In ILS Zone 4 96

for a L-LOLl parallel to runway centerline, with tail
towards the array. 8-element single-frequency array,
LPD antennas.

Figure 74 Contours of peak CDI values produced In ILS Zone 5 9/
for a L-1011 parallei to runway centerline, with tail

towards the array. 8-element single-frequency array,
LPD antennas.

Figure 75 Critical area map for CAT I tolerances relating to 98
B-747 aircraft. B-/47 fuselage is perpendicular to

runway centerline with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 76 Critical area map for CAT II tolerances relating to 99

B-747 aircraft. B-747 fuselage is pterpendicular to
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runway centerline with tail towards the runway.
8-element single-frequency array, LPD antennas.

Figure 77 Critical area map for CAT III tolerances relating to 100
B-747 aircraft. B-.47 fuselage is perpendicular to
runway centerline with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 78 Critical area map for CAT III-X tolerances relating to 101
B-747 aircraft. B-747 fuselage is perpendicular to

runway centerline with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 79 Contours of peak CDI values produced in ILS Zone 1 102
for a B-747. B-747 fuselage is perpendicular to run-

way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 80 Contours of peak CDI values produced in ILS Zone 2 103
for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 81 Contours of peak CDI values produced in ILS Zone 3 104
to Threshold for a B-747. B-747 fuselage is perpen-

dicular to runway centerline, with tail towards the

runway. 8-element single-frequency array, LPD anten-

nas.

Figure 82 Contours of peak CDI values produced in ILS Zone 4 105
for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tall towards the runway.

8-element single-frequency array, LPD antennas.

Figure 83 Contours of peak CDI values produced in ILS Zone 5 106

for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tail towards the runway.

8-element single-frequency array, LPD antennas.

Figure 84 Critical area map for CAT I tolerances relating to 107

B-747 aircraft. B-747 fuselage is perpendicular
to runway centerline with tail away from runway.

8-element single-frequency array, LPD antennas.

Figure 85 Critical area map for CAT II tolerances relating to 108
B-74 7 aircraft. B-747 fuselage is perpendicular

to r nway centerline with tail away from runway.

8 ele ent single-frequency array, LPD antennas.
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Figure 86 Critical area map for CAT III tolerances relating to 109
B-747 aircraft. B-747 fuselage is perpendicular
to runway centerline with tail away from runway.
8-element single-frequency array, LPD antennas.

Figure 87 Critical area map for CAT III-X tolerances relating to 110
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I. CONCLTSIONS

The following conclusions are based on the theoretical work per-
formed to examine the etfects of scatterer aircraft on the performance ot
an 8-element, single-frequency localizer using LPD antennas.

1. The 8-element, single-frequency localizer has significantly

larger critical areas for Category I, Category II, and Category

III operations than a 14 -element, single-frequency localizer.

The boundaries of the critical areas in the direction perpen-

dicular to the runway centerline are approximately twice as

large for ai 8-element array.

2. B-727 and smaller size aircraft have very limited effect on an

8-element, single frequency localizer. The worst case causes

out-of-tolerance conditions for CAT III cperations only within

an area 1000 feet in front of the localizer array, and 250 feet

from runway centerline.

3. Critical area size is strongly dependent on the overall size of

the scatterer aircraft. No specific formula is sufficient to

fully define this relationship.

4. When the fuselage of the scatterer aircraft is perpendicular to

runway centerline, the largest contributor to path str.cture

perturbations is the tail section of the scatterer.

5. When the fuselage of the scatterer hArcraft is parallel to run-

way centerline, the tail section and the fuselage contribute

approximately equal amounts of structure perturbations.

6. For B-727 and smaller aircraft, the oscillations from a parallel

scatterer at least 1000 feet in front of the localizer array

not exceed tolerances for any ILS category.

7. The worst case orientation for a scatterer aircraft in terms of

overall derogation of the localizer signal is perpendicular to

runway centerline, with tail towards centerline such as is the

case when a landing aircraft exits the runway. This typically

causes much larger and longer-term perturbations than the

parallel case.

8. Increasing the localizer coursewidth decreases the size of the

critical area.

9. Reducing the path structure requirement from 5 to 1i pA between

iLS Point B and ILS Point E greatly reduces the size of the cri-

tical are-a for iarger aircraft.

10. The effect of multiple reflectors is too complex to quantify.
In general terms, the perturbations caused by N scatterers is no

greater than N times the perturbations caused by a single scat-

terer.



II. It is wery dlfttcuilt to determine critical area boundaries as a
t unction of the position of the landing aircraft. Because of

the very large number of cases examined, it has been necessary
to develop an automated process of analyzing path structure.

Thi process of examining the entire path structure to determine
if it is out-ot-thlerance begins 3000 feet in front of the array
(ILS Point E) and proceeds outbound. The procedure is termin-

ated once the path structure exceeds simulated flight check

tolerances and no further analysis is conducted.

I



11.* I NTRoDUCT ION AND HAMM&(PW'

The term Crti cal area is (defined Jo' purposvi of t hft study as that
area in wh ich the presence of any port ion W1 a scat tore r ai rcra . willI
cause ah r rat iow- in I he radiated I L.S Woa if zer signa I whi (-h e>.c/ed

tOlen s;)(" In t l e! In U. 1. FlighL Inspect ion Mainna 1 8200, 1.

Ilhisv anerrait ons are nrmal ly evident to a pilot t tying; an instiu-
men t aipproa ch an undo s Iredl movements in the localtIze r CI) I i sd icat or. Short
ti-rm i cregiuLari t is arv usually only an Inconvenl once, although they may
cause some autopil1ot s to disengage. Long term aberrat ions are very unde-
si rabhile, and cana in An ext reme caise, prodnuce uns afe rendit inns.

Anexaminat on of near lv any', air port layout will reveal areas w .ere
irked , no' A og, or taxting ai rcraf t will h e In reirarkably ctcse proximity

to IW. antenna arrays. It is inni tive ly obvious that any large conductinag

ohbject placed near an antenna transmitting elect romuagnetic radiationa will1
have an effect on the cransmitt Ing system and its radiation patterns. It
is thurelore necessary to (i~mn'what restrictions or proh iticns
shouldl be implemented with respecct to the real estate surrounoing ILS
t ransmi tt ing arrays in order to insure that tLe signals serving user
aircraft on app roach rena iii aJequacte and safe.

Nuime rous soxpe r imeat a and theuoretLical invest iga tions , b(Lii in the
UI.3. anki abroad, natve attemipted tL, examine the effects of ai rraf r near
both the tocalizer and glide slope transmitting arrays. In M94 , Ohio
Uinivye rs ity~ publi shed the f irstI comprehensive work 11] on traltima ti cal
modeling of large airi tmi t near the ILS transmi tt ing Antennas. This work
wats v~i idated with n-s iu measuremenvrts using the Bioeing 747 ara tht
Ltwk h-od C-SA . The a-uth iiode I waq alIso checked against dat a rc I- ' oi

at Hueathr ow Airport , London, Kim glanid. Additional studies at- Ohio

Ynivrsity 131 141 151 served Lo motine the technique of mtat'neimaL Vral
model ng r -. Mo re rece ntI y , report si puhb 1 shed by Ohi o hint vu rs i t y have pro- Z
vided both experlimental and thenretira I data to establish the mmi ni mum cri-
Li cal area requ t red Ifor the i;RN-z / dual if req tieucyv I!ca Iize r aim hh

__? l lt ;' And --- 10 n1 Lt si ng It, -i. uierc .7c I I er o f' nl

effects ofwide-body ai rcra ft sit h As t-he B- /4 7.

Wh i Ie previous studios have provided valuable info ra "(,n tokwa r,!
eqtabli Lshing minimum requiraeentS for cr1itical areas, te tjmfbi nat Ion of

4 Category Ill operating tolerances and wide-body scat terer aireraft yield
values on iy ror the nominal worst case. There are mainy a i rpor where IL,
tact Ii ties operat- on less than Category 11 1 tolerances and whcr. wich -hody
aircraft are qcrra or mor-exisrtemu. ConsequentlIy , conoi dcrablu interest
Is justifited Wi wli.U crra l areas may exist tor mote t vpcai combi nat IOnis
of operating tolrnaicrs andI airrnit sizes. Tip- purpi'- .) thiat study is-
to expand on provi us workd by examining local i ,.er criti i it, a.ieotor-
mi nat inn ti hr 4 hr than~ w )rst cast condi ti-ins.



IlI. OBJECTiVk (F WORK

The bri.id ohe'tive of the work presented I thiH report Is to (den

Iffy areaH of the, earth's Bl.rfarie near the loca]Izer transmltting array
where the pretsence of an ;ilrcraft will cause unacceptable derogation of the

Jocallzer radtated signal. The identification process consists of using a
mthemat~cal model, which has been validated through the use of flight

m'.dsurementH, tj pr-dict the values of perturbations in the localizer CDI

gignal. These predictions will be used to define an appropriate critical

area that will allow pilots and air traffic controllers to take appropriate

holding actions to prevent out-of-tolerance path anomalies from occurring

in space.

Within the broad purpose of this work there are several specific
ohbe*tIves to be achieved. These are:

1. Obtaining the typical relationship by which the critical area
can be estimated from the size of the interfering aircraft.

. Ietermining the critical area size relationship to the localizer

coti-sewidth (runway length).

3. Measuring the impact of relaxing the course structure tolerances
from 5 to 10 microamps between ILS points B and E for Category

IlI operation.

4. Discussing, in general terms, the impact of multiple aircraft.



IV. A PPk )F\ ' I l; N

The ba ; I -. 1,pri'.ch to tlie Solution "t thI i p , cm , , .t ', ,
iwLth -nomodel desur I ht'd Ii hect Ion V to produce ,alcoiat lors o i, llV.eir Ci

,,ri arhar I r't ; uoe ci by airrrat In the viclni iy of rhe luta! i ,c-
t rariJ', t :; n,, r'

A pr. viv.n H5'ldv [8] has demonstrated good agreement h [twein exper I
meltal and ca! rulational results for the localizer. Bee--i ,. of the 'xpens'
and difficulty in collecting a large number of samples epri:nurtaiiy, a

cilcatat tonal approach has been found to be the most ef bcti ", and eft i-
c tent method or svstemat-ically studying localizer critical areas.

Th.r. arn some difficulties even with this approach. F- ' ,anp ,
are a., irfini te nlum)er of locations where a SCatL,'rr a:r, raft can; he

;.i Pd for the simil aLd approach. To make the problem traw al,, t', area
eI for ;catterer location is broken into a grid, and a si nmila -I loca-

: z".r apiproach; is calculated with a scatterer present at eA, ,f the grid
*i t ta)r:; in* torn.

An additional difficulty is choosing a sampling intervti along the
1141it-d approach that will provide sufficient data to analyzc the

approA-h, an! yvt keep the number of necessary calculations a. a reaqonable

l,vel. It should be noted that the current implementation of the Physical

Optics Mathematical Model is designed to deal with a maxim-u; of 5)0 poittts.

The sampling interval was initially chosen to be 100 t, e. [ci :

means that an imaginary localIzer receiver is placed at a posit ton along

the appruach, all the calculations necessary to determine local izer CDI at

that point are performed, and the receiver position Is advanced 100 feet.
Tliis process was starteid at a distance of 53000 feet from the areay, and

wa halted 3000 feet from the array (ILS Point E). This gives 500 an;ta

roints aoqng the approach. Each data point is assumed to be vli d for a
1I foot segmnent of the approach, or 50 feet each side of the cmprut "

"this approach normally gives reasonable results, but a problim
arise; In the case of an aircraft scatterer parallel to runway renterlIne.

Parl lei scatterers tend to introduce small but rapid oscilat ions into ILS

7/ne A or 5. These oscillations are so rapid that a sample taken only
every l00 feet along the approach will yield erroneous couiclisio : ah,',it
p.tn structure. Consequently, the sampling interval was decreased to 50
teut, and the simulation was made in two sections. Section I covers toe

i nc. of 53-00 feet to 28100 feet and section 2 covers the ring: of 2800)
;,or to 3000 feet. This allows the maximum resolution of 500 data points
in each sect ion. Decreasing the sampling Interval further did ,r)t at ect

toec r'-.ltr; i~n any ,'asos studied.

A final ,II ficulty lies in determining, a soltahle filt,' ,iii ,in
Oi ipl i'd t th, calculated dlata in order to make it coirpatt aK'ci tAn-

I ri t tl giht inspect iou; techniin,;. The time constant of the dv[at ion

r b:rd g 'n;vstrn for flight Inspection work Is specified ny ICAC [9] a

II

. . ..4. _ . . . . :. ) . ..-. : : .: . 5 .. : i : , : ,,°



Iq

being SO/V seconds, whvro V is the aircraft speed In knots. The speed of
the aircraft I- assuinedI to be 20)0 ft/sec for all sia ilations In this study.
This converts to 118 knots, and yields a recommended time constant of .42
seconds.

This i- normally achieved in ILS receivers by means of a large capa-
citor across _re w-mter loads. Each receiver is designed with the capabi-
lity of driving a certain load impedance, and resistors are usually
connected in paralleL with the meter movements as needed to achieve the
desired impedance. For example, a typical ILS receiver might be designed
to drive a load of 333 ohms. Since 333 ohms represents the parallel com-
bination of three 1000 ohm resistors, the receiver can drive up to three
separate meter rikvements, with 1000 ohm resistors substituted for unused

.meters.

The formula for the time constant of this circuit is given

by

TC = R x C

where,

* TC is the time constant in microseconds,
R is the resistance in ohms,

C is the capacitance in microfarads.

Using a 1200 VF capacitor with the 333 ohm load in the example above will
give a time constant of .40 seconds. This is in very good agreement with
the time constant specified by ICN) for flight inspection work.

While a low-pass filter of this sort is easily implemented using phy-
sical components such as capacitors and resistors, it is considerably more
difficult to derive a mathematical formula which will apply these filter
characteristics to calculated data. The basic formula for such a filter
has been derived and can be expressed as

i[ - " ~~~FX(it)=( SP* (X( i)+X( i-1 ))-( FX(i-I )* (SP-2. O*TC) ))/( sP+Z. 0* C)

where,

i = receiver position number,
X = input (unfiltered) data,

FX = Filtered value of X,
SP = Sampling Period of data in seconds,

TC = Time Constant desired for filter.

* In this study, calculations for CDt are made in 50 foot increments along
the approach path. The aircraft velocity is 200 ft/sec, so the sampling
period is .25 seconds. The desired time constant is .42 seconds.
Substitution of the input data values for X will yield the filtered output
data. Since thls formula represents a specified standard, all calculations
will be based on use of this filter. Derivation of this formula is pre-
sented In Appendix 1.

• .".... .
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Since an ai rcraft I nominaly on ru:way "-vIIter Ine during an

approach, the Ioca LI z,, perturhations are exami tid on I y in terms of path
structure. The lo'ailizer Cl)I values are analyzd |or the entire approach

to determine if they exceed any of the structure tolerances specified in
U.S. Flight Inspec- ion Manual 8200.1,Section 211.'.. Path structure analy-
sit; is a compLetrized process. New programs and EXEIC's have been written
which apply standard flight check tolerances to each simulated approach for

all categories of IL- operation. This has increased the number of cases

which can be analyzed by a factor of about 1O. Additionally, the peak CDI

perturbations are predicted with respect to specific ILS Zones, viz,

1 ,2,3,4 and [ 0 iO. Since different tolerances sometimes are applied for

different zones, this distinction is considered desirable.

in order to determine the typical relationship by which the critical
area can be estimated from the size of the interfering aircraft, three dif-

terent sizes of aircraft were initially included. However, the gap in size

between the two largest aircraft made it impossible to establish the form
of the relationship. Consequently, two additional sizes of aircraft have

been included. Tiils credtes a data base comprised of 5 aircralt size-,

ranging from DC-9 through B-747. In order of overall increasing scatterer

size, they are:

1. DC-9

2. B-727
3. B-707
4. L-l0ll

i. B-7-7

The orienLation of the scatterer aircraft involves 8 discrete cases.
Previco;ii studies lave been limite.d primarily to modeling the scatterer

aircralt either i)erpendicular or parallel to the runway centerline. There
is insufficient eviC rce to prove that these two orientations produce the
worst-case critical area, so additional modeling of aircraft situated at
angl, s of 30 and b degrees with respect to runway centerline is included.
Each of these four orientatioris is also repeated with the aircraft heading

rotal-ed 1W.) degrees.

The critical area size re-lationship L' localizer coursewidth (runway
length) is demonstrated by generating input data files for the math model
which differ only in the runway length value. The values tor ranway length
are chosen such that the extremes for localizer path width (3.0 degrees to
6.0 degrees) are achieved.

The impact of relaxing the cmrse structure requirement from 5 to 10
microamps between ILS points B and E for Categnry III operation is easily
implemented by adding an additional version of the Fortran computer program

which applies flight check tolerance- to each simulated approach. This

pri)gram caic, iLtes ,,illowable CI) I pert irbations based on this rel xed course
,ttric-tir,, specifiication, and the resulting critical arei maps cat b
tirectly cola pared with the the orma l Categm, ry II I r Ps.

The Impact ot mtiltiple aircra ft is examined by calculating the CDI
portnrbatiw,,; cju ed by two scattorer aircraft in the vicinity of the loca-

%%-



llzer array at tin Hiams- time. Approaches are siimulated with the aircaft Ii*
several locdto)H ami orlenlat tons.

7.
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Vi. CALCULATION WORK

The final product ot this work is intended to be a set of maps dell-
nesting thoH" locations where a certain size and orientation of interfering

aircraft will cause the localizer to exceed certain tolerances specified in

U.S. Flight Inspection Manual 8200.1, Section 217.1.

The scope of this particuliar work is larger than most previous stu-
dies of critical area. The data is analyzed with respect to four separate
tolerance categories for each of 5 sizes of scatterers. Each of the speci-
fic objectives listed in section III has the potential of doubling again
the number of cases to be considered. Since most of these specific objec-
tives require the determination of trends and relationships, it is
intuitive that processing larger quantities of data will make these trends

and relationships more obvious. Several steps have been taken to allow

processing the largest bulk of data possible.

Computer programs and EXEC's have been written allowing the calcula-
tioiis to be performed on one computer while the results are spooled to a

second computer for examination and processing into files which can be
plotted. This arrangement requires no operator intervention, and allows
the first computer to generate data almost continously. It also drasti-
cally reduces the data storage requirements, since only the results are
spooled to the second computer.

In order to obtain the objectives of this study, approximately
30,000 simulated approaches have been calculated and analyzed. This con-

sumed a total of about 400 hours of CPU time on an IBM Model 4341 computer.
Approximately 600 plots were produced, with about 125 included in this
report.

While the general approach to the solution is outlined in section
III, there are many variables yet to be defined. The math model outlined

in section V requires a data file which is used as an input to the model
for purposes of defining these variables. Since many of these are
somewhat arbitrary, they are presented here in hopes that future work can

be standardized. Table I summarizes the values assigned.

In addition to the variables displayed in table 1, additional data
is required to define the type of localizer array being modeled. This data
includes the spacing (in wavelengths) of each element from the center of
the array, the carrier-plus-sideband (CSB) relative amplitude and phase for

each element, and the sideband-only (SBO) relative amplitude and phase for
each element. The values for the 8-element single frequency localizer are
given in table 2.

'The final definition of variables required to specify fully all
required inputs to the math model is the actual radiating pattern of the

individual array elements. The element used ia all calculations for this
report is the Log-Periodic Dipole (LPD). The values used to simulate the

LPD radiation p;ittern are given in table 3. The radiation patLern is
assumed to be symmetrical, so only one side of the pattern needs to be spe-
cifted.

4 -1~-
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Localizer F reunc e........ e n cy.......... 110.0 tMfiz

Antenna Eleme-nt Typ ......... ........ Log-Periodic t

Length of Runwaiy............................................ 10000 Ft

Distance from Array to Stop End of Runway................... 1000 Ft

Distanc e from Array to TLS Pcint F.......................... 3000 F t

Distance from Array to ILS Point D.......................... 8000 Ft

Distance from Array to Threshold........................... 11000 Ft

Distance from Arraty to ILS Point C.........................1L1950 Ft

Distance from Array to ILS Point B......................... 14500 Ft

Distance from Array to ILS Point A......................... 35320 Ft

Starting Distance of Simulation.............................53000 Ft

S am p 11nE R.i t o f inl i ........................................... 50 Ft

Lo-alie Antenna HIeight...................................5.7F

E levaition Angle of Approach................................. 3.00 Deg

Azimuth oNnglte of Approach.................................. 0.00 Deg

S pi Pu' of A ppro............................................. 200 Ft /c

Tab I I. Ass-amptions and variables utilized a-, input da t for

all Calculations.



WAVELENGTH
ELEMENT CSB LEVEL CSB PHASE SBO LEVEL SBO PHASE SPACING

4R .055 180.00 .416 180.00 -2.55

3R .143 0.00 .700 180.00 -1.80

2R .363 0.00 .890 180.00 -1.05

IR 1.000 0.0t) 1.000 180.00 -0.30

l1, 1.000 0.00 1.000 0.00 0.30

2L .363 0.00 .890 0.00 1.O.

3L .143 0.00 .700 0.00 1.80

4L .055 180.00 .416 0.00 2.55

Table 2. Nominal values used to represent an 8-element

single-frequeicy tocalizer.
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IG

Azimuth angle (degrees) Relative qignal Level

I0 .0 .930

3O .O.570
40- ;-. . . . .330 _._-

_ G 5.0 .180
600 .O.080
70.0 .040
80.0 .020
90.0 .000

I00.0 .000
ii0.0 _.000

120.0 I.000
130.0 .010
1,40.0 .010

150 .0 .010

160.0 .00
. . . ... ... . . .. . . . . . . . .... _____

-180. 0 .050

Table J. Nomirial radiation pattern used for modelinj
LPD ante nnas
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IIte s tI r I wer .a 4 i ia i I 1(s 11 ,-,

t erers. Thts t A .11lotI i iigL. w e, I t 9) .leud H ma I ci, K I l and jin.,l lt, .ra d tht.
i- 7/4/ and sma I l -,. Th, t r t ni.ii,,k g.t I  In V,) ri 11 41 , zix. tw.I .c the B-!21
and the I-1/41 mitl,- It di t I h l t t I aInt It V tic. t[i eid ind re I at Iunshl ps oI
i it Ilcal are;i H i t iii t wi)i ii al rctat t i t.le, s' tw(w "ddl t I oiiI al Iuralt

hav. wer) aId'l.d rhf.P.,, two a1r . tlhe B-l])/ and lit, I.- I()ll Thi l )r,)v 1c. a
[arge r rang.- rif Hitzes, and mike- Interprvt ng tOw dat a easitr. Th' dinmen

sions of the R)cattering plates used to simulat e ' types ot air rift are
showin i igure 1. Although the B-707 is being phased out of usage, it
represents a particular size of scatterer which fills a gap in the ralcula-

t ions.

Figure 2 represents the locations and dimensions of the area in
whic't the aircratt were placed. The left boundary of the plot represents
the. runwav centerline, the center of the localizer array is at the bottom
l.ft. The first position for which a simulated approach is calculated Is
)n runway centerline, 1000 feet in front of the array. As each simulation
is r,)mpleed, the filter formula described in Section IV is applied.

rAig'r 3 demonstrates the relationship of the filtered and unfiltered data
tor a typical simulated approach. The CDI values for the entire approach
as w# l L as the peak values for each ILS zone are then stored in computer
memory. The program then increments the location of the scatterers to the
ni-xt position, and a new simulation begins. The computer program continues
this operation until approaches have been calculated for all 204 points on

the grid.

All 204 approaches are then analyzed to determine if they exceed any

of the structure requirements specified for each of the ILS categories.

With the exception of Category IlL-X, all tolerance limits applied to loca-
lizer structure are obtained from the U.S. Flight Inspection Manual 8200.1.

The tolerance limits for Category III-X are an arbitrary experiment and
replicate the limits for Category III with the exception of relaxed
requirements in ILS zones 4 and 5. Table 4 summarizes the structure
tolerances for all categories of ILS operation.

A plot, similar to figure 2, is produced for each ILS category
(including 3X) with a dot at every location where the presence of a par-
ticular size and orientation (t scatterer causes the path structure to
exceed tolerance limits. These maps serve to define the critical area for
each case studied. The reference point on the aircraft for these maps is
the center of the base of the fuselage as derived from figure 1.

In addition to the critical area maps, a contour map is prepared for
each ILS zone. These maps represent the peak CDI that occuted within that
particular zone for each of the 204 approaches. Contour maps also are
based on filtered data as described earlier. Since each of the 204

* approaches is represented by a specific point on the grid of figure 2, the
peak CDI value for each point forms a scalar field which allows a contour
map to be drawn. From an examination of these contour maps, it is possible
to determine what an aircraft placed in a certain location with a certain
orientation wi 1 produce in terms of maximum path perturbation. as well as
the ILS zon,, in jhlch the perturbation occurs. By knowing the tolerance

(continued on page 19)
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CAT I Zone 1: ± 30 pi, to Point A
Zone 2: ± 30 1A at Point h, linear decrease to + 15 IA

at Point B
Zone 3: ± 15 pA from Point B to Point C
Zone 4: No structure requirements for CAT I
Zone 5: No structure requirements for CAT I

CAT L Zone 1: ± 30 ,A to Point A
Zone 2: ± 30 4A at Point A, linear decrease t. + 5 /A

at Point B
Zone 3: ± 5 VA from Point B to Threshold

Zone 4: ! 5 OA from Threshold to Point D
Zone 5: No structure requirements for CAT II

v

CAT III Zone 1: ± 30 4A to Point A
Zone 2: ± 30 VA at Point A, linear decrease to ± 5 pA

at Point B
Zone 3: ± 5 VA from Point B to Threshold

Zone 4: ± 5 pA from Threshold to Point D
Zone 5: ± 5 VA at Point D, linear increase to ± 10 ,A

at Point E

CAT ILI-X Zone 1: ± 30 VA to Point A
Zone 2: ± 30 VA at Point A, linear decrease to ± 10 OA

at Point B

Zone 3: ± 10 VA from Point B to Threshold
Zone 4: _ IC; A from Threshold to Point D

Zone 5: ± 10 pA from Point D to Point E

NOTF: Zone I structure is measured from average course signal.
Zones 2,3,4, and 5 are measured from actual course alignment.

Table 4. Summary of structure tolerances for all categories
of I1.S operatio,.
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I I ! ', F , i r| / . ' . , ,'. Li rr ti;,' trs , general
'F r iL ( 17 iIi a * i t m, j' 'I ta4S k IsI

. ia .. r I) # t t. i ,A IL hy i ' r in , i itl -' i Niti z So have

tIp';'r"l l, 't -:,',', .' F ;grtt. g LnspeitLI I ,"i Man ua r 8/ZO1 .1 makes excep-
t jlin, 'ar or i af , ' -of - L, r, :, u " d itt *on ,. fh' e conditions cannot

readl iy be dteritlt kPA t !itie cin:nur maps, but are automatically taken

i:iti" rnbsidurat itn ror the cr1 Icdl area inaps. The contour maps also are
based on a cc ferance, point in the center of the base of the fuselage for
each scatterer.

Figure 4 is a sample of the CD[ Iinformatio" that is calculated for

eacti of the 2t4 grid locations for a particular scatterer. The scatterer
in this intancc is a B-747 with the center of the fuselage located 3000

Ocut in friot of the Localtizer array, and 200 feet from runway centerine.
Th-' 74:. tusiog- is perpendicular to the runway centorLine, with the tail

t'woii1s U ,n '"Iwoy. The CDI trace on this plit demonstrates what the pilot4(t an aircratt on approach would see under these conditions. The other
br~ike t h on the plot demonstrate the structure tolerance Limits for
91 ,' .1ry rr i Li n c) s. The' structure obviously exceeds these limits,

tile .ertarbal I in reaches a peak value of IS pA at a distance from the
.': ;, abort ',iii() feet. Figure 5 is a sample c'ontour map based on the

-1 .'d i i ,,s a- tigure 4. Lt provides the puak CI)[ perturbation in ILS
.I,.f t, A ,sitins ,'at a perpendicular B-747. By locating the point

Wh c ,i, 'Ljtr ulap that corresponds to the position (2000,300) of the B-747

I a, ilate figure 4, one can see that the closest contour line is
h' -same as the peak vale in figure 4, namely, 35 pjA.

Sigurn al so rcpresents the same c'rdi t ions as figure 4, except
t.,t onl WI tiJl 1 .4f the B--747 is considered as a scat-terer. This shows

:it 1, cn u cLrtihbt ion to the struct ore pertnrhati ,is are due to the

S 'O. iL , ,'.ng trom oily tie faseiagev is considered, as in figure

'it 10; 00nIstlv much smlb ler. This Is often the case, but there are

F igur, 9 reliresre.nts tqe case of a B-747 located 5O feet on
t,. ., Arr;v jnr 60) i t tram ceitcrlire. The aircraft is parallel

I' r i '4 w't in tI"- ta)L faci il ' the local izer array. Figure 9
S.... 'c i- h ' : I it ii, i- i , thi tail -f the planc, while figure IS

" , I tt . 11 'l' .' ti' lits', I t" . At this Location, the amount ol

it Vl ,,ril It l)l fii,' ti l i ;id tire fuselage is mon-c nearly equal.

•' , c ri t -' ,L a r ndps cii o ['r tot r plots are arranged in

i ' r , < rii I : ,''iu s. itterr s4;,, whirh is is tollows:

1 . I) -'3

*. B- 7

, •r - , i a , t ! rw c I idi og the worst
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cal area maps are presented first. In some cases, cr1ticai area maps nay
be missing for certain 1I.S categories. This indicates that there are no
locations cakising out-of-tolerance conditions for that category. A list ol.

locations for which there are no out-of-tolerance points is shown in table

5. There are also some instances of contour maps not being present for

(-rtain ILS zone,. Tihll means that the largest perturbation In that zone

Is less than 5 pA, which is the minimum value ot the contours. A list of

these contour maps is given in table 6.

The contour lines on each contour map have been chosen such that the

entire range of structure tolerance limits are represented. Since the

minimum value Involved in analyzing the structure of a localizer approach

is 5 jjA, this is also the value of the the minimum contour shown. The

niaxium contoor was chosen to include at least the largest value involved

in structure analysis, or 30 pA. Additional contours are included for 35

;ind 40 jA. More contour lines than this tend to clutter the plots. The

( ):nputer programs which calculate the contour lines have the capability to

automatically scale the contour intervals to fit the data, but then each

conto;ir map is based on different values. This makes it very d'fficult to

coinpai, maps, so the maps in this report are all based on an increment of 5

pA between contours.

The contour maps for 1LS Zone 3 are based on CAT II/CAT lL dimen--
sions, and extend from ILS Point B to Threshold. This is in contrast to

CAT L dimensions, in which ILS Zone 3 extends only from ILS Point B to ILS

Point C.

Grid positions i2)r the scatterer aircraft as indicated in figure 2

are measured with respect to the center of the base of the rectangle repre-

sentia, the miain fuselage of each aircraft. If it is desired to determine

critic.al area sizes or contour lines with respect to another reference

point on the aircraft, it is necessary to refer to figure I for aircraft

ditmensions. Once the distance from the center of the main fuselage section

ti, the new reference, point is established, the contour maps and critical

ar,., maps con easily be interpreted from this new reference point.

As stated earlier in Section IV, 8 specific orientations of scat-
t.rer aircraft are included in the calculations. The results, which are sum-

w.Arized in table 7, reflect the distance (to the next 25 foot interval)

trum the runway centerline to the nearest point on the aircraft.

'inere or., the airr-raft lies completely outside the critical area boun-

daries shown in table 7.

Tabl, 7 may be used to examine the relationship between critical

Aro sizt. and size of the reflector aircraft. A comparison of similar

rieritatioris for ditferent size aircraft shows, in general, a clear trend

,, ii reo;nng critical area size as aircraft size increases. Determining

to,. ,x.icr liatuire of the relationship of critical area to scatterer size,

rvwe.ver, I, complicated by several facts. First, the overall size of the

;,at trer i,5 not the only factor. In the case of a perpendicular scat-

terer, tigures 4, 0, and 7 demonstrate that the tail section is the primary

scatterer. As the aircraft approaches the parallel case, the fuselage

(continued on page 'l)
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A IRCRAFT T - ORI ENTAT ION 11.S ZO NES

DC-9 paraILle I tatI towards the array 1,2,3,4,5

DC-9 perpendicular, tail towards the runway 1,2,3,4

DC-9 perpendicular, tail away from runway 1,2

-72 aall altwad h ra

B-707 parallel, tail towards the array 1,2,3,4

______________ parallel,____________tail______towards __________the_____array___ ___1,2,3 ____

B-747 parallel, tail towards the array 1,23,

I -4

Table 5. ILS Zones fot which no contour maps are pre-sented.
Maximum contours aro less than 5 VA.



AIRCRAFT ORIENTATION ILS CATEGOMiES

DC-9 parallel, tail towards the array I'li,1II,I1l-X

DC-9 perpendicular, tail towards the runway iI~~,I-

L)C-Y perpendicular, tail. away trcm runway 1,111-K

B-721 parallel, tall towards the array IIll-

B-721 60 degrees to runway CL, tail I

the11 pepniuarr al towards the runway1

* 8~~~-707 parallel, tail towards the array llll-

L1-10I1 parallel, tail towards the array 11

B-747 parallel, tail towards the array

Tahte 6. ILS categories for which no critical area maps
are presented. No out-of-tolerance locationi

identified for X 1000 feet and Y > 0 feet.



CA I CA'I I I CA; i CA lii-A
X v*\' X V* X ,, *X ,,

M)(-' po lp, tal I away CL , li),) '

)( , p't) rp, tal to C.
Do(.-'J1 ,irl , (;t A awayt' ;it r iv

1)', pa I 'tt, a I I it' array -

1) )'1 tal I t o a r r; ' v

D)(.-I) If) tai I away array .
i.-9 t)' taI to array --

L ,tai away array ..

h-12i perp, tai I away Cl. - - ,i'0 ,,j l('.Uri I u ,0
b- 12 / per ,, tat 1 to (;L -- 1(P) ,11 5 l(1): ,I7 1001),125

h- 2i para , tail away array ........

h -72 para, tail to array ..

B-;27 3), tail to array -- 975 25 975,75 975,75
B-721 30', tail away array -- 975,125 975,12S 975,125

B-72 6', tail to array -- 950,15 950,79 95u,25

8-727 hO 0 taI array -- 950512') 95.) 17) 95,)z175

B-70f perp, tail away CL -- 2000 ,20() 2000,200 O0(),100

B- 70 perp, tail to CL 100(),1m 2000 ,400 2000,40o 2000,250

B-70i para, tat I away array ....

B-7)1 para, tail to array .......

B-7017 i;' , tail to array -- 975,150 975,1550 975,100

B-701 30', tail away array -- 975,200 975,250 975,150

8-701 60 0 , tal to array 950,75 1950,275 1950,275 1950,125

8-70 60'? Ltai1l away array 1950,325 1950 375 1950 275

L-l011 perp, tail away CL 1000,75 4000,375 4000,375 3000,225

L-101l perp, tail to CL 1000,225 5000,575 600J,575 3000,375

L-10l1 para, tail away array -- -- 1925,400 1925,300

L-10 11 para, tail to array .... 2925,350 1925,350

L-1011 300, taiL to array 975,0 2975,275 2975,275 1975,125

L- 1011 600, tat L to array 925,75 2925,375 3925,375 1925,275

L-1011 bO tail away array 925225 3925Y525 4925,575 29251425

8-741 perp, tail away CL 1000,0 7000,300 7000,300 4000,150

B-747 perp, tai. to Cl 200(1,300 9000 ,'5'J 9000,551 5000,400
8-747 para, ta~l away array -- -- 3900,70) 2900,450

B-74/ para, tail to array -- 4900,b5() 4900,700 2900,500
B-7', )0

° , tail to array 950,29 3950,425 4950,425 2950,225

B-741 100, tail away array 950,175 5950,325 5950,32) 2950,225
B-747 WO', tall to array 1925,1 W 5925,350 6925 ,35,j 3925,200
B-741 60', tati away array 1925,iOO 7925,600 7925,600 3925,450

* x - distance in front ot localizer array to nearest point on aircraft

longitudinal axis

y distance perpendicular to runway centerline to nearest point on
aircraft longitudinal axis

-- = no identified out-of-tolerance locations for X ; IOOU' and Y > 0'

Table 7. Critical aro-a vs. aircraft orientation for
8-elemenu single-frequency array.
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as nm'"; mort, importance. The relative proportfiors of tail and fuselaq
viry t -)nT, atrcratt iot very similar size.

As a further complication, the data represents only perturbations
a ':g runway centerline at a normal elevdtion angle of approach. This is a
r'i-wi,bl limltatinrt when examining the e ltects the scatterers will have

in airem a t ma i ig an approach, but is not optimum when determining
r.-iatlonihps t) qcatterer size. Some scatterers may have their maximum
I tpart along something other than a nominal approach.

Finally, whle the resolution of the results demonstrated in table 7
is 25 ieet fo- x and 25 feet for y, the grid increments as shown in figure

are lIM() feet for x and 50 feet for y. This masks small differences in
critical ark i size. In spite ot these limitations, the trend of increasing
c-itical area size with increasing scatterer size is readily apparent in
table s.

The impact of relaxing c('urse structure requirements troin 5 to 10 UA
Si Io.- Zous I and 4 is also apparent in table . Category IL i-X has a

:muc1 smu,1 lr associated critical area for the B-70', L-loll, and B-747 than
Cate'gory Ill. In some instances, the critical areas for CAT IlI-X are
smaller th:in those nor CAT 11.

C FabLes 6 and 9 demonstrate the critical area size relationship to
localizer coursewidth (runway length) for perpendicular and parallel cases
respectively. The shortest runway lengths are not operationally feasible,
but are included for completeness. Wider corsewidths greatly reduce the
critical area size in both the perpendicular case and parallel case.

In order to reduce the number of figures presented to a reasonable
nminher, plots are presented for only three orientations. These include:

1. Worst case orientation with tail towards the runway.
2. Worst case orientation with tail away from the runway.
3. Worst case orientation parallel to runway centerline (CL).

This Is intended to represent aircraft leaving, entering, and taxiing
parallel to the runway. Figures 11 through 98 illustrate the critical area
boundaries and show the contour nips of the peak perturbation based on the

center of the fuselage of the scatterer.

The subject of multiple aircraft can only be discussed in general
terms. The addition of more aircraft to the reflecting area adds signifi-

cant complication. The combinations of position and orientation become
impracticaIly large. When simple superpositio: i of the electromagnetic
t ield if' space is considered, it is apparent tat certain placements will
; , I .' ,d 1itive effects, and uther placements will produce some amount of
a :,1aC I Iat ion.

Fig r,' 4) through 1,) demonstrate the impact of one series of

I) iple r,, "or aircraft. Figure 99 demon;trates the locat ions and

c, t l at,') i : he scat terer aircraft used in this discussion. Figures 1()

contintned on page I !-3)
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RUNWAY COURS".T CAT CAT I CAT Il CT LII-X

LENGTH WIDT', x,y* x,y* x,y* x,y*

(feet) (degrees) (feet) (feet) (feet) (feet)

5000 -6.00 10)00, 150 4000,400 4000,400 3000,300

6000 5.72 1000 , 150 4000,400 5000,400 3000,3010

7000 5.01 2000 ,200 6000,450 6000,450 4000 ,350

810 4.45 2000,200 7000,500 7000,500 4000,3O")U(T1
9000 4.01 2000,200 8000,550 8000,550 5000,350

10000 3.64 20)0,300 9000,550 9000,550 5000,4(J

I1001 3 .34 2000 ,30H 10000,600 10000,600 6000,400

-12000 3.08 2000,300 11000,600 11000,600 6000,450

* x distance in front of array to nearest point on aircraft longitudinal
axis

y distance perpendicuLar from centerline to nearest point on aircraft
longitudinal axis

ID

Table 8. Critical area size as a function of runway length for a
B-747. B-747 fuselage is perpendicular to runway cen-
terline, with tall towards the runway.
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RUNWAY C(IURS CAT I CAT II CAT II1 CAT Ill-X

IENIfH WI l)Ti x,V* x,y* xy* x, y*
(feet) (degree') (feet) (feet) (feet) (feet)

-6.0'J 1900,350 19L "'

05.12 .... 1900,400 1900,350

")) .2900,400 1900,400

80) 4.4 ... 3900,650 2900,400

90U 4.01 ... 4900,700 2900,450

10000 ., W- 490U ,650 4900,700 2900,500

I 1i 00 1 -- 4900,750 5900,800 2900,500

120M) 3.08 4900,800 5900,800 3900,600

x = distilnce in front of array to nearest point on aircraft longitudinal

axis

y distance perpendicular from centerline to nearest point on aircraft
longitiinai axis

-- = no out-of-tolerance conditions identified for X > lOO ' and Y > 0'

Fb e 9. Critical area size as a function uf runway length for
a B-747. B-741 fuselage is parallel to runway

centerline, with tail towards the array.
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8-element single-frequency array, LPD antennas.
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Figure 70 Contours of peak CDI values produced in ILS Zone 5
for a L-1011. L-1011 fuselage is perpendicular
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8-element single-frequency array, LPD antennas.
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Figure 75 Critical area map for CAT I tolerances relating zo
B-747 aircraft. B-747 fuselage is perpendicular to
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8-element single-frequency array, LPD antennas.
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Figure 79 Contours of peak CDI values produced in ILS Zone 1
for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.
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Figure 80 Contours of peak CDI values produced in ILS Zone 2
for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
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Figure 82 Contours of peak CDI values produced in ILS Zone 4
for a B-747. B-747 fuselage is perpendicular to run-
way centerline, with tail towards the runway.
8-element single-frequency array, LPD antennas.

_105-



10000.0-

11J 000.0

LjJ

a: 8000.0

LAJ
'.'4 7000.0
-j

_6000.0

Lj L000.0

U

S3000.0-7

2000.0

SC
1000.0M

Sz

- .0.0 100.0 200.0 300.0 LOO.0 500.0 600.0 700.0 800.0
OISTRNCE FROM RUNWAY CENTERLINE (FEET)
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Figure 86 Critical area map for CAT III tolerances relating to
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Figure '49 Positions and orientations of three L-1011 aircraft
used to examine the impact of multiple reflectors.
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L

through 105 show the localizer course structure for a specific position of
scatterer(s). Category 111 tolerances are drawn on each plot for com-
parison purposes.

Figure 100 shows the localizer course structure with an L-1011
aircraft located at position A. This is intended to represent an aircraft
that has just landed, and is turning off the runway at the last taxiway.
The structure obviously exceeds CAT III tolerances. Figure 101 shows the
localizer course structure with an L-1011 positioned at location B, while
figure 102 shows the structure with an L-1011 at position C. These struc-
tures also exceed CAT III tolerances, though by lesser amounts. Figures
103 through 105 demonstrate the effects of combining scatterers A, B, and
C. Figure 103 is the localizer structure resulting from scatterers A and B
simultaneously. Figure 104 shows the effects of combining scatterers A and
C, while figure 105 demonstrates the combination of scatterer B and C. In
each case, the resulting CDI is basically the sum of the individual CDI
values. All combinations of these three scatterer locations exceed CAT 111
tolerances by a larger amount than any individual scatterer. Several other
cases of multiple reflectors are studied. No cases are identified in which
the combined scatterers have less effect than any individual scatterer,
suggesting that cancellation of the electromagnetic fields is probably more
rare than their addition. However, there are also no cases identified in
which the combination of scatterers causes a greater perturbation than N
times the effect of an individual scatterer.
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VII. COMPARISONS WITH 14-ELEMENT, SINGLE-FREQUENCY ARRAY

Many of the earlier studies of localizer critical area have been
limited in their scope, dealing only with one specific type of reflector,
or using input data based on a specific airport. In the interests of stan-

dardizing the process of calculating localizer critical areas, a re-
examination has been conducted of previous work dealing with 14-element,
single-frequency localizers. The critical areas have been calculated using
identical input data and assumptions that are used for the 8-element,
single frequency localizer. The only exception is the actual array infor-
mation. Table 10 provides the array data for the 14-element localizer.

It should be noted that significant improvements have been made in
techniques for mathematical modeling of critical areas since previous
reports were published. The method of filtering data, and the process of

automatically analyzing every simulated approach in terms of flight check
structure tolerances provide for more accurate determination of critical
areas than previous efforts. This has led to correction and refinement of

previously calculated and reported data, specifically [191.

Calculations have been completed for the 14-element array using the

same scatterer aircraft as those used for the 8-element array. Several
scatterer orientations are included in table 11, but plots are only pre-

sented for the worst case orientation. This is with the scatterer fuselage

perpendicular to runway centerline, with tail towards the runway.

Table 11 summarizes the results of the 14-element single-frequency
localizer calculations, and can be directly compared with the 8-element,
single-frequency localizer results summarized in table 7. Dashes represent

conditions for which there is no identified out-of-tolerance location. No

contour maps are shown for ILS Zone I.
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-. _____ _____ ~ _____ -- WAVELENGTH

ELEMENT CSB LEVEL CSB PHASE SBO LEVEL SB0 PHASE SPACING

7R .060 0.00 .138 0.00 -4.80

6R .)60 0.00 .379 0.00 -4.05

5R .212 0.00 .276 0.00 -3.30

4R .212 0.00 .586 0.00 -2.55

3R .394 0.00 .414 0.00 -1.80

2R .394 0.00 .759 0.00 -1.05

IR 1.000 0.00 1.000 0.00 -.30

IL 1.000 0.00 1.000 180.00 .30

2L .94 000 .59 10.001.-

3L .394 0.00 .714 180.00 1.0

4L .212 0.00 .586 180.00 2.55

5L .212 0.00 .276 180.00 3.30

6L.6 .0 3918.040

7L .060 0.00 .139 180.00 4.0

Table 10. Nominal values used to represent a 14-element
single-frequency localize,-.



CAT I CAT II CAT ILE CAT I1,-X
x, Y'* X, y* x, Y xy*

DC-9 perp, tail away CL ......
DC-9 perp, tail to CL ......
DC-9 para, tail away array ........
DC-9 para, tail to array ........
DC-9 60%, tail to array ........
B-727 perp, tail away CL - -- 1000,0 1000,0
B-727 perp, tail to CL -- 1000,100 1000,100 1000,0
B-727 para, tail away array ........ |
B-727 para, tail to array ........

B-727 600, tail to array ........
B-707 perp, tail away CL -- 1000,0 1000,0 1000,)
B-707 perp, tail to CL -- 1000,100 2000,150 1000,150
B-707 para, tail away array ........
B-707 para, tail to array ........

B-707 60, tail to array -- 950,75 950,75 950,25
L-lOl perp, tail away CL 1000,0 3000,125 3000,125 2000,0
L-1011 perp, tail to CL 1000,125 5000,275 5000,275 3000,225
L-1L para, tail away array --....

L-101 para, tail to array ........

L-1Oll 600, tail t:o array 925,0 2925,125 2925,125 1925,75
B-747 perp, tail away CL 1000,0 7000,150 7000,150 4000,50
B-747 perp, tail to CL 2000,200 9000,400 9000,400 5000,250
B-747 para, tail away array .... 1900,200 1900,200
B-747 para, tail to array .... 2900,250 2900,250
B-747 60, tail to array 925,0 5925,200 5925,250 3925,100

* x = distance in front of localizer array to nearest point on aircraft

longitudinal axis

y = distance perpendicular to runway centerline to nearest point on
aircraft longitudinal axis

-- = no identified out-of-tolerance locations X ) 1000' and Y > 0'

Table 11. Critical area vs. aircraft orientation for
14-element single-frequency array.
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Figure 106 Critical area map for CAT II tolerances relating to
B-727 aircraft. B-727 fuselage is perpendicular to
runway centerline with tail towards the runway.
14-element single-frequency array, LPD antennas.
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Figure 109 Contours of peak CDI values produced in ILS Zone~ 2
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14-element single-frequency array, LPD antennas.
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Figure 118 Contours of peak CDI values produced in ILS Zone 4
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VI I I. RECOMMENI)AT IONS

The following recommendations are based princIpally on the theoreti-

cal calculations just completed which has identified areas in the vicinity

of an h-elen'ent, ,;inglo-frequency localizer where the presence of various
sizes and orientations of scatterers will cause the localizer path struc-
ture to exceed tolerances specified in U.S. Flight Inspection Manual
8200.1, Section 217.5.

1. The user should identify the inherent noise present in the loca-
lizer path structure of interest. The results in this study are
based on this noise being zero. Since this is not true for
practical sites, the results are not directly applicable for
localizer structures having high noise levels already. The
perturbations produced by the scatterer aircraft must bt, added

to the base level of inherent noise.

ince he inherent noise can increase the size ,)f the criti -al
rea, i1f orts should be made to reduce this noise by fundamentaJ

ite ihiprovement.

3. At siti.s whtre inherent noise is a probleil, the contour maps
*.hould be u ed to identify the conturs wliich will cause the

path s ructure to exceed tolerance limits when the contour is
added o the inherent noise.

4. Assuming inherent noise is not a problem, the critical area maps
should be used to identify the boundaries which should be pro-

tected from the presence of scatterer air-raft during instrument

approaches.

9. Crit ical area size increases so drastically with very large
aircraft (L-1011 and larger) that consideration should be given
to specifying critical area in more than one category. Smaller

airports which are unlikely to serve jumbo jets can use other
than worst case critical areas.

6. Critical area size for a given airport should also be based on
the ILS category of operation. Critical area limits based o,
CAT Ill tolerances should not be specified for airports having

only CAT It operations.

7. An additional study should be performed to examine all types of
localizers which have not been covered by previous reports.
There are several remaining localizer arrays for which there is
no critical area information available. This study should tie

together all information currently available on localizer criti-

cal areas in one study, with all calculations performed on a
common input data base. This will allow :omparisons to be made

between all localizer array types ond thu; provide almost uni-
versal guidelines towards specification of localizer critical

area. It should be noted that a similar effort for determiring

glide ;lope critical area is already underway.

... . . . . . . . . .. ..... .. . ... ... ..... .- .... .. • . . ... .- .
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She IL I[w ini , dii n e ribes the a li s ,lbi r,. ilin,: ,v. is
ir-L or,der re - r,,iv- dtgit t iiter used to sIin' Ite the el 1 ,'i ,,
ipiciI RC" tiIttr ,,,ed in ,t.ndard I.S receiver in Lsta I it iori;. Ti.I RC

Si t t.r deI ines th. r,.t'Ijency response of the I 1,S bcaui er and ,I ide slye
CDI si gnat I as they are di-,played on cross pointers and employed in alt 0mTi-

i , ida c-. sy,,tem,- The desired time constant of such a f i I Lt-r is
, r, i [I y a(,:ep ted ) be 50/V seconds, where V is the ve Iocity of tLie
a.rcr i[t in Knots. (,ivn a typical speed of a landing aircraft of 117

t the IC (time oinstant) is calculated to be .424 seconds. The I re-
mi."ncy as-,iated with this time constant is 2.36 Hz. A low-pass fitter

-tIe> ed for this frenency response can be represented by the schematic

dir ,rnm shown in figure 136. Taking the nodal analysis @ node 1

L() + 1(t) U o (Kirchoff's current law)

L i L -mdi tii,; ire vi())=O, v.(M)=0

St) ( t Vi(t)/R

w i . ,'' t )i/t is the derivative of V o , t)

S+ 
dV,(t)l ,, ., ,, ,, I t W, . t) I Vo(t) - Vi(t)I/R I ;

*. _ . .. ,! :: :

4-L

-- __ -r

*T

iLdurt- I t) n -tnin t ii" r,prrsentati o ) t iT C ii -t, i-,d Iin
I; rivr istal lat inos.

r -
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1r~iI~srlrm w i'iltIerentijal equation (Equationi 1) into the S-domain i.t..
the Lap lac, Trans r rni we have:

VO(s' -v's D*('I,.o(s) +VO(O)1= I

w~ .erke S~j W

H+ .#~c .j~ . Eqkiit j 'mi -

Kitt r.iis t ei Itic ion of any given network is givenl 'y I( s) V,,( S)/V\S)

V 0s
frn~~~~.... E j~= ~ ----- ~(quht in 3)

Vt(s) (I + s*R*C)

I I
ii Lv ii, rh V S. )f E',li a t i onT 3 b y - / -KI

Ii R*C /s + I/(R*C)

Lt R w

w

d di i L t Il i IL ,r is des ired, the 7-doma in of H( s) i,; req ui red.

V i /i, / rK t I ) ot 11,tit iii Z 1 1iti ,.
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h, pr wi t thii typt. of t ransf *rmat ion iS [hrit ot 10 'iI"

c-i ;t-l bv [It w X r lappin ii la Litr t of the samp lus, doe Lo t 1wie ., Ft urt

* i lr,: i mi I )Ii Inv') ved Lin t he diLtaliZat ion iJ~'~ , Thu., .i digij-

It r-apai )t LJis type o 01 r-insformation can he. thous'ht of A;

* ~ ~ : I 0 t* ii h, - sii'. I Ow t h trans lated responlse. It Lhc iiilt-)f~i

r isl ni as [il Oif tLe C01n1 intiiis filter is small and1 the sainplin), t reqk:ic~y,
* ~ ~~~ 1 ieii)j~rei the I reqieuncy of ititerest, then this eff Vet o)f

I ,I I', ai;i ing, wi I1 ho small.

1 ,tv'id th[i problemn the hill neair trans Format Lonl is applied(' andA

S'.It, trk..i at high enoti,t rate. so that folding is great iv mii Ofi ed.

i' o I.'- ~' id r s mp1 d ipo gl
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Iz) v( ;) tv I. &d I t s +~

z z- '1*w( z I q a i

7 t v 11c qlat ( ) h -

41z) 'I '1w I + z)/( z I - + T* w l+ z

V 7, H( -

1) i ln , abovie vq tiit i,

=Vi(z)*(T*w(1+z
1')

Vikz:)-(vi(;,)*T'*w+Vj (z)*zZ v(z)*zI(w.2/rW)

I .iv 1he hi In\rsc Z-1' Tiatnri

Lir.-f rc the ilVLrse,( 7.-Li nsi ormi equals;

C T'*W~v n ) +T*w*vi(nl-I )-(T*w-2) v(n - ))/(Th~w+2) ELquati~on 6)

amfp[I inrg pe ri od
w iI(K*(C) l/(time constant (TO)
V inpnl signal
v,, i itered outpuL signal

* n =position index nuimbe r

'a ajla tA'iI10dinl Li-, j. cnptit er analysis ii; given by

v\( Y( I''i x i 4-.( i I )-FYi~1*(S~i*[c)/Q.P-2TG) .(lqia t ion 71
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whcr si, sampli ng per i (1
TC = time co'ist.ant
x = input signal.
FX = filtered(outpuit signaL)
i = position index ntimher

Coinpa r ing the te tris in eq uatIion b and 7 we see that

T in eq. 6 = SI1 in equation 7
w in eq. 6 i /(Trc) in equation 7

Vin eq. fi= x in equation 7
Vin eq. f ~ FX

Vi(n) - x(L)

v,(n) - FX(i)

14oT E: Trhe;,e is no direct relationship betweeli T and TC
'[C s tht time constant defined by R*C
T i!, the saimpLing period defined by lI~sampling freq)

A skjh-titiition ot the equivalent parameters fromn equation 6 into equation 7
yitb-(,- the tormuilk usir-g the mathematical model.
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